We study determinants of the probability of introducing an organizational innovation using three large cross sections of Italian man- 
Introduction
The organizational activity inside a firm and its innovations has been an interesting yet not widely analyzed topic of discussion, among empirical economists and those who are looking for relevant factors to explain the long-run declining total factor or labor productivity, especially in Italy. As 1 ) measured as GDP per hours worked. This is a negative fact if compared to the rest of European countries, which altogether had a productivity of labor growing at 1.5% in the same years, and to the US productivity which grew at 2.1% (+4.4% only in the manufacturing sector). If in the US the time after 1995 has been named "The New Economy" era, after a resurgence of productivity especially in the manufacturing sector, this was due basically to new investments into software and hardware and other new technologies, as well as to the more and more diffused practice of letting non-managerial employees to be involved into problem solving [2, Black and Lynch, 2004] . Interestingly, the same time period Italy saw an 1 [4, Daveri, 2006] cites OECD data.
increase in the hours worked by each employee, therefore not working less than her/his European or American colleagues, but less productively. This problem has not only an economic impact in prospect (reduced per capita income, relative reduction of the quality of life, etc.) it has effects also on decreasing the competitiveness of Italian firms. Mainly, low productivity rates have been thought of as the consequence of changes in the labor market institutions. New types of flexible contracts, especially for the young, introduced in the 1990s in Italy, have added to the workforce less experienced, unskilled young people, and higher hiring rates in those sectors which are typically characterized by low productivity (as Services and Constructions).
Few and late investments in communication and information technologies
are also considered to matter at reducing labor productivity [1, van Ark et al., 2003 ]. The empirical literature on this issue gives controversial results, though. At the individual level, being able to use a computer has not a significant higher impact on productivity and wages than being able to use more traditional work tools. Possessing complementary computer skills such as problem solving abilities or communication and networking abilities makes the difference [8, Di Pietro, 2006] . At more aggregate level, productivity is higher in businesses with more-educated workers or greater computer usage by nonmanagerial employees [3, Black and Lynch, 2001 ]. However, [6, Daveri, 2004] shows that European non-ICT intensive and ICT intensive sectors have both suffered from productivity slowdown.
In this paper, we argue that labor productivity might be affected by the entire firm organization. Business organization shapes work practices and as such might have an relevant impact on productivity of labor at the individual and micro level. By modifying few practices for employees (for example, giving them more formal training or allowing them to unite in project teams) or ways of doing business, in few words by introducing organizational innovations, firms might obtain huge advantages in terms of improved productivity.
As Sanidas (2005) discusses extensively, we distinguish technical (direct) innovations that result in the form of "embodied technological progress", i.e.
new technology embodied in the capital goods, from organizational innovations that affect technology "disembodied in such forms as industrial property rights, unpatented know-how, management and organization and design and operating instructions for production systems" (Sanidas, 2005) .
On the other hand, organizational innovations are endogenous decisions inside a firm. [9, Lynch, 2007] analyzes empirically the issue of the determinants of the adoption and diffusion of new work practices (like workforce receiving formal training, team groups, discussion meetings on a regular basis, job rotation, and incentive pays). She uses two cross sections of US manufacturing and non-manufacturing establishments during the 1990s. She finds that employers with more external focus (being part of a multi-establishment firm, exporting their main product, and benchmarking) are more likely to invest into organizational innovations. Investments into R&D activities, more skilled workforce, physical capital and ICTs are complementary to organizational innovations. High past operating profits and being young are also important determinants for inducing new work practices.
Our paper studies empirically the adoption of organizational innovations by Italian firms in the years between 1995 and 2003. Furthermore, we are interested in the correlation between the organizational activity and innovations with labor productivity improvements, by regressing the annual growth rate of firm's labor productivity on the introduction of organizational innovations related to production processes or new products. In other terms, we test the hypotheses of embodied and disembodied technological change using a production function-growth accounting approach.
The paper is shaped as follows: Section 2 describes the data used in the empirical analysis, the construction of the panel, the distinction between technical and organizational innovations within the data, and discusses the variables of interest. Section 3 discusses how to incorporate disembodied and embodied technological change into the production function. Section 4
illustrates the results of the logit regressions and the productivity regressions.
Section 5 draws the conclusions.
Data description and discussion
We use the data from the VII, VIII and IX Indagine sulle Imprese Manifatturiere by Capitalia (once known as Mediocredito Centrale), which are the only Italian firm surveys containing information on the introduction of organizational innovations in the firms, as far as our knowledge goes. These surveys were conducted in 1998, 2001 and 2004 respectively, through questionnaires handed to a representative sample of manufacturing firms 2 within the national borders, and supplemented with standard balance-sheet data.
Questionnaires collect information over the previous three years. As far as the introduction of innovations is concerned, firms were generally asked to say whether they had introduced any innovation (including product, process, organizational) in the previous three-years period. In particular, in this paper we use the answers to the question regarding the introduction of technicalorganizational innovations related to products and the question regarding the introduction of technical-organizational innovations related to production process, which we call destination-type organizational innovations. An example of organizational innovation related to product might be involving employers in finding a solution to defective products. An example of organizational innovation related to process might refer to rearranging jobs or re-engineering. Unfortunately, the questionnaires handed out do not go more deeply as to ask respondents to specify types of re-arrangements or new organization-related issues. They just had to say whether the firm introduced such an innovation or not. Each survey contains about 4.500 manufacturing firms, and we make use of the three (cleaned) cross sections separately when analyzing the probability of introducing one type of innovation. Table 2 shows the mean value of the product-type and process-type organizational innovations for each survey (OI_pd and OI_pc). On average, across the surveys 15.6%-20% of firms introduced organizational innovations related to new products, with an increasing path over time. 15%-23% of firms introduced OIs related to production process, with a declining path over time.
Organizational and Technical Innovations
In our panel, on average more firms introduced OIs related to process than products (17.8% versus 15.5%). The following descriptive tables show how the decision of introducing
OIs does not come directly after or before the introduction of a technical innovation. In Table 3 we see that about 35% to 43% of the firms across the surveys when introducing a new product decided to introduce an OI related to product, too (34% to 46% for process related OIs). Table 4 viceversa, shows that when introducing OIs related to product the probability of introducing a new product is extremely high (85%-90%), while the probability is reduced for firms introducing OIs related to process and new production processes (53%-92%). Firms introducing OIs related to process have a substantial probability of introducing also TIs related to product (11%-49%).
Factors potentially affecting firms' decision to implement OIs
As regards the determinants of the probability of introducing organizational Human capital accumulation represents the skill capacity of a firm, the basic factor for a firm to be competitive, innovative and productive. We measure this by a series of available information on the skill level of the workforce: the fraction of R&D workers on the total, the level of education, measured as the fraction of employees with a junior-high school degree, a high-school degree and a university degree. We have this information only for the last year of observation in each survey period. The fraction of blue versus white collars represents the type of occupation and qualification of the workforce.
Investment in new technology, like software and hardware or communication, can be complementary to innovating the organization of the firm. The idea that ICT has given rise to improved productivity at the individual, firm or more aggregate level is still a matter of controversy in the literature. Much of the literature has not found a direct effect of being able to use a computer in order to be more productive or having a higher salary, ceteris paribus.
ICT investment has not a direct effect on firm's productivity either. That is why considering it as complementary to other types of innovation activity, it could have an indirect effect on labor productivity too. Being R&D active could have some degree of complementarity in the sense that R&D investment is found to be positively correlated to the introduction of direct process innovation, and, by interacting with innovative physical investment, it has an effect on the probability of introducing product innovations too [10, Parisi et al., 2006] . If the firm introducing a direct innovation has restructured the organization somehow, than we can check for this effect in our regressions.
We also check for a possible correlation between the introduction of direct production process innovation or a product innovation with the need of organizational innovations.
Finally we control for other firm characteristics like age, sector and geographical area dummies. [9, Lynch, 2007] The average values for each variable and each cross section are reported in Appendix A, Table 1 . Table 2 
Embodied and disembodied technological change into the production function
We use a production function approach to test whether organizational innovations have a different impact on labor productivity with respect to technical direct product or process innovations. Assume a Cobb-Douglas production function of two inputs, Labor and Capital stock. The production is affected by a technology term which represents the disembodied technology not af-fecting the single-input efficiency, while labor and capital are affected by the so-called embodied technological change, which improve the efficiency of both inputs (they are measured in efficiency-units by so doing).
where i refers to firm and t to time of observation. Real production Y it depends on the capital stock accumulated and the labor input until the beginning of year t. Disembodied technology is such that progress depends on the introduction of organizational innovations, i.e.
when no innovation is introduced, the level of the technology remains constant, otherwise it jumps up to a new upper level. Capital stock is measured in efficiency units in the sense that we take into account the embodied technology in capital goods (see Parisi et al., 2006) . When a technical innovation is introduced (for example a process innovation), mostly embodied in new capital investments, then the efficiency variable can be written as
Where T I it are technical innovations like product or process innovations.
These innovations might also induce an improvement in the efficiency of labor:
when there is no technical innovation, then capital or labor remain at their current non-quality adjusted level. In a more general sense, OIs might induce an improvement in the labor quality too, by producing better working practices, as discussed in the Introduction above. For this reason, we are going to measure efficiency labor also with the alternative term:
By substituting all these terms into the production function, taking logs and expressing the function in intensive form, we obtain a definition of labor productivity:
where we test the assumption of CRS with the data. This equation allows to test the effect of the various innovations on the level of labor productivity. Alternatively, and maybe more realistically, we are interested in the growth rate of labor productivity, and we will use the alternative expression to test the effect of the different types of innovations on the growth of labor productivity:
where ∆ is the first-difference operator. We assume that innovations have an effect on the growth rates of the efficiency variables defined above:
The parameters of interest in equation (7) could suffer from non identifiability, unless we restrict our attention to particular types of innovations.
When we assume that the level of disembodied technology is affected by
OI_pd, then we need to assume that only OI_pc affects the efficiency of labor, in order to identify the parameters δ and γ 3 (and viceversa). In the same spirit, when T I_pd affect the efficiency of capital goods, then T I_pc may affect the efficiency of labor input, in order to identify γ 1 and γ 2 and viceversa.
Our exercise is to test for the following (nested) model specifications: According to the model specification, the parameter δ could be referring to process OIs or product OIs, the parameters γ 1 and γ 2 refer to process innovations or product innovations (TIs). For the moment, we assume
4 Empirical Results
Estimated impact of the determinants of OIs
We study the probability of introducing a destination-type organizational innovation (OI) as a logit model on several firms characteristics. The dependent variable in Table 9 is "organizational innovation related to product", and in Table 10 it is "organizational innovation related to production process". Columns 2-4 refer to a different survey period (1995-1997, 1998-2000, 2001-2003) . Observed firms characteristics affecting this probability, as discussed previously, are the following: size, the average operating profit per worker, the average cashflow per worker (proxy for future profitable opportunities), whether the firm belongs to a group, whether it has exported part or all its main product, the number of R&D workers relative to total occupation, the fraction of employers with a junior-high school degree, high-school degree and university degree in the last year of observation, the fraction of blue collar workers and white collar workers in the total, whether it has invested into ICT technology in the survey period, whether it has invested into R&D activity, the fraction of employers who received training in the past three years and other firm characteristics like age, sector and geographical area dummies. In particular, we emphasize the importance of being in the traditional Made in Italy sectors which, more than others, would need restructuring and re-organizing work practices in order to remain competitive in the international markets.
In Table 9 we show the results of three different logit regressions, one for each period. The dependent variable is a (0,1) dummy indicating whether during the three years the firms have introduced an OI related to product.
For the VII and IX survey, size, measured as the log of sales, is positive and significant at 1% level. Neither per worker operating profits or cashflow are statistically significant, meaning that present and future opportunities are not so important at determining this kind of innovations for Italian firms. It appears that being part of a group has either zero impact or slightly negative impact, while exporting the main product is, quiet interestingly, not important at all. In the 1998-00 period, the larger the fraction of R&D workers, the higher the probability of introducing a product-related organizational inno- In Table 10 we show the results of the logit regressions, by survey, when the dependent variable is the dummy: process-related organizational innova-tion. Size has no effect apart from a small 
Estimated impact of OIs and TIs on labor productivity
The objective of the econometric exercise in this subsection is to select among different hypotheses on the impact of OIs and TIs on labor productivity growth. As a second objective, we want to select the most appropriate among specifications using econometric techniques and tests. 3 We estimates Tables 10 and 9 . In particular, we use the following lagged variables for the growth rate of per capita capital stock:
lagged Production in levels lnY it−2 , lagged capital stock in levels ln K it−2 , lagged number of non-R&D workers in levels ln(non-R&D-workers) it−2 . The instruments used for OIs related to process are: cash flow per worker, operating profits per worker, export dummy, R&D dummy, %investment in ICT, % trained workers. The variable OI related to product is instrumented by group dummy, export dummy, % workers in R&D activity, Investment in ICT dummy, % trained workers. These characteristics appear to have some meaning in the cross-section regressions of the separate waves, as discussed above. BE estimator controls for potential time effects which would remain even after differenciating equation (6) . Given that these are survey data and the regressions are performed on the unbalanced panel, it is plausible to assume that at least "survey" effects do remain. This possibility could be excluded by taking long-run growth rates of the labor productivity and the capital stock (differentiating per capita variables along the surveys time span
and not just along the yearly dimension). This other exercise would fall in the robustness check.
Finally, even after converting the data with the between-group BE estimator, we need to instruments the capital stock and the OIs anyway (IVBE). conclude that OI-pc has quite an impact on labor productivity growth, its (semi-)elasticity being equal to 0.42 (significant at the 10% level). In Model 2 we represent the growth in technology through organizational innovations related to product. The IVBE method can definitely be considered the best according to our criteria. This mean that OI_pd has a significant (semi-)elasticity equal to 0.15 (see Table 12 ). Disembodied technical change might show up in the form of both types of OIs.
Model 3 encompasses Model 1 by relating OI_pc to disembodied technical
change, while assuming that technical innovations like new products might induce more efficient capital goods. 4 Although Hausman tests do not suggest 4 We need to consider TI_pd in Model 3 to represent technical progress embodied in capital goods to reduce the problem of correlation in variables. Notice, however that the R 2 in Table 14 are low enough to avoid the presence of serious collinearity in the explicatives. See also the correlations in Tables that Model 3 TI_pd has a significant semi-elasticity equal to 0.53, and it is assumed that is improves capital efficiency. This value, indeed, is entirely passed through the share α, given that the parameter estimate for γ 1 is statistically irrelevant.
TI_pc is assumed to be the measure of labor efficiency. The coefficient is significantly different from zero, but it is negative both for IV and IVBE.
Correspondingly, the estimate of γ 2 is negative too. It appears that TI_pc and TI_pd have a slight substitutability effect with each other.
Model 6 considers OIs related to product as the main technology driving 3 and 4.
force, but it gives no evidence in favor of this assumption. TI_pd now is the capital efficiency measure, while TI_pc is taken to improve labor efficiency.
Hausman tests indicate that IVBE is to be preferred to its equivalent in Models 2 and 4, while BE is to be somehow preferred to its equivalent in Model 4 (but not in Model 2). There is no evidence in favor of both assumptions that indirect technical innovations are efficiency drivers.
Conclusions
We study determinants of the probability of introducing an organizational innovation using three large cross sections of Italian manufacturing firms in the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] . We analyze the effect and complementarity of other types of investments, like ICT, R&D, human and physical capital and the adoption of product or process innovations. Having external focus is relevant only for process-related changes and if it regards being part of a group.
Exporting the products abroad has a puzzling effect on the probability of introducing organizational changes. R&D activity is positively related to the probability, and the fraction of R&D workers is important for the introduction of product-related changes. ICT investments are strictly positively correlated to both types of innovations. Having more educated workers do not imply higher probabilities of re-organizing. Some positive sign is given by occupational types, either blue or white collar, with respect to directors and managers, and having formally trained employees is positively related to innovations (actually, training is one form of organizational innovation).
Younger firms do not introduce more innovations than older firms. Furthermore, we discuss the effect of introducing organizational innovations and technical innovations on the growth rate of labor productivity at the firm level. The empirical estimates of the productivity regressions are still work in progress.
Since the objective of organizational innovations is mainly re-structuring work practices, it is quite curious that for Italian firms, workers related characteristics basically do not matter in order to introduce organizational innovations.
The second part of our paper focuses on the estimation of the impact of OIs and (indirect) technical innovations on the (short-run) growth rate of labor productivity. From the estimates it turns out that OIs related to process and product have quite a relevant impact on labor productivity growth, in the form of (direct) disembodied technological progress. Direct innovations, such as product innovations, appear to have a positive impact in driving the efficiency of capital goods. Process and product innovations, if used as indirect factors influencing labor productivity through improving the efficiency of the inputs, appear to have a certain degree of substitutability.
Our next research effort will be related to the robustness check of these findings, in various directions. We will replay the econometric exercise by 1) selecting only firms with actual observations in all three survey periods (balanced panel, reduced in dimension); 2) adding R&D intensity in the production function; 3) estimating the long-run growth rate of labor productivity on OIs and TIs as before, therefore controlling for the presence of "survey" effects; 4) at last, we reformulate the hypotheses in Model 1 to 6 by estimating equation (6) reported under E(Xε) = 0. Instruments for ∆ ln k it are: lnY it−2 , ln K it−2 , ln(non-R&D-workers) it−2 ; for OI_pc they are: cash flow per worker, operating profits per worker, export dummy, R&D dummy, %investment in ICT, % trained workers; for OI_pd they are: group dummy, export dummy, % workers in R&D activity, Investment in ICT dummy, % trained workers. N is the number of observations in the unbalanced panel which fit the specific regression.
IV methods are applied to a reduced sample because the instruments are not always available for all firms. Area, size and sectors dummies are included in all regressions. Both capital stock and OIs are instrumented under IV and IVBE methods. Instruments for ∆ ln k it are: lnY it−2 , ln K it−2 , ln(non-R&D-workers) it−2 ; for OI_pc they are: cash flow per worker, operating profits per worker, export dummy, R&D dummy, %investment in ICT, % trained workers; for OI_pd they are: group dummy, export dummy, % workers in R&D activity, Investment in ICT dummy, % trained workers. *** significant at 1% level, ** 5%, * 10%. 
